Interactions used
The shell closure at N=90
In order to put forward further evidence and to understand the shell closure at 140 Sn more precisely, the effective single-particle energies (ESPE) for the neutron orbitals for the two Hamiltonians have been compared. The ESPE is defined as bare single particle energy (spe) added with the monopole part of the diagonal two body matrix elements (tbme). CW G 1 h 9/2 2 f 7/2 2 f 5/2 3 p 3/2 3 p 1/2 1 i 13/2
Neutron ESPEs with CWG and SMPN interactions for increasing neutron numbers
Origin of this new shell closure
Spin-tensor decomposition of the two body matrix elements (tbmes). -central, antisymmetric spin-orbit (ALS), spin-orbit (LS) and tensor parts of tbmes identified
For SMPN,
•the central and ALS part for 2f 7/2 -2f 7/2 tbmes account for majority of the downward shift of the ESPE of 2f 7/2 with increasing valence neutron number (n).
•tbmes involving 3p 3/2 -dominant contribution from the central part.
•The central parts of 2f 7/2 and 3p 3/2 vary with similar slopes for increase in n.
•Variation in ALS part is primarily responsible for this observed shell gap at N=90. 
Decomposition of USD tbmes for oxygen isotopes
The implication of ALS term?
•ALS component in the tbmes corresponds to those
•LS-coupled matrix elements which have S≠S′, i.e., terms non-diagonal in S (spin). Do not conserve total spin of the matrix elements.
•But the interactions which are parity conserving and isospin conserving must also conserve the total spin.
•Bare nucleon-nucleon force contains no ALS term.
• But effective interaction is not simply related to bare nucleon-nucleon force. Core polarisation corrections to the G-matrix give rise to non-zero but small ALS matrix elements.
•A characteristic feature common to many empirical effective interactions is strong ALS components in the tbmes.
•It usually arises from inadequate constraint by the data.
•It indicates the important contributions from higher order renormalisation or many body forces to the effective interactions.
•In empirical SMPN such many -body effects might have been included in some way through the modification of important tbmes.
Features of Realistic Interaction
Two-body realistic interactions derived from the free nucleon-nucleon force fail to reproduce some shell closures. increase of the 1d 5/2 -2s 1/2 gap for Z=8 and 1f 7/2 -2p 3/2 gap for Z=20 (as a function of neutron number), required to explain empirical data are not obtained in the calculations with these interactions. It has been shown that the three-body forces have to be taken into account to reproduce these shell gaps. Otsuka et al. have proposed a three-body delta-hole mechanism to explain these shell gaps and they have shown that three-body forces are necessary to explain why the doubly-magic 24 O nucleus is the heaviest oxygen isotope Zuker showed earlier that a very simple three-body monopole term can solve practically all the spectroscopic problems in the p, sd, and pf shells those were hitherto assumed to need drastic revisions of the realistic twobody potentials.
Three body forces and CWG interaction
A simple three-body monopole term in CWG as prescribed by Zuker Corrections in 2f 7/2 -2f 7/2 and 2f 7/2 -3p 3/2 tbmes similar to those in KB3 for 1f 7/2 -1f 7/2 and 1f 7/2 -2p 3/2 tbmes. •But due to overestimation of the up-sloping trend of ν(3p 3/2 ) ESPE and for non-inclusion of corrections for other spes,
•for 2 + 1 state, 29.0% originates from the ν(2f 7/2 ) 6 (1h 9/2 ) 2 and 9.6% from ν(2f 7/2 ) 6 (2f 5/2 ) 2 .
•The effective energy gap between ν(2f 7/2 ) and ν(2f 5/2 ) (the lowest orbital which contributes to the composition of 2 + state) single particle orbitals is 2.370 MeV.
A new shell closure at 140 Sn has been predicted. ALS term in empirical interaction SMPN is found to be responsible for the gap observed in SMPN results. A simple three-body monopole term has been included in CWG to get CWG3M, which predicts a shell gap at N=90 for Sn isotopes as well as decreasing 2 + 1 energies for 136, 138 Sn, similar to that from SMPN. This also indicates that three body effect plays an important role for shell evolution in neutron rich Sn isotopes above 132Sn, as also observed in sd and fp shells. The anomalously depressed 2 + 1 states in Sn isotopes having N=84-88, and the new magic number for N=90, might have interesting consequences for the r -process nucleosynthesis. 
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